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Abstract 
 
In this paper we present the calculations of electronic Raman scattering (ERS) spectra for B1g and B2g geometries using angle-
resolved photoemission spectroscopy (ARPES) spectra of nearly optimally doped cuprate superconductor Bi2Sr2CaCu2O8 (Bi2212), 
Tc=92K. Calculations were taken on the Fermi surface (FS) in the superconducting state at temperature well below Tc and the 
results were quantitatively compared to the experimental data. It shows that there is a good agreement in B1g while the peak 
position in B2g is about 100 cm-1 lower than the experimental one. This result indicates that the scattering rate is not large enough to 
explain Raman spectra and additional contribution should be taken into account to reproduce ERS spectra. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
ERS spectroscopy is a powerful tool to study the momentum-selective electronic structure of high-temperature 
superconductors by choosing particular geometries of polarizations. To understand ERS spectra in cuprate 
superconductors, so called kinetic theory was proposed [1], which could successfully explain d-wave symmetry of the 
order parameter and different shape of spectra in the low energy region with different geometries of polarizations, 
namely cubic in B1g and linear in B2g with respect to energy. By introducing the disorder effect through the scattering 
rate, kinetic theory successfully reproduced both the peak position and the spectral shape of B1g and B2g [1]. More 
recently, doping dependence of the peak position in B1g and B2g geometries has been qualitatively discussed using the 
formula based on kinetic theory. They assumed several types of gap profile along FS and introduced a parameter of 
quasiparticle renormalization [2]. ARPES is another powerful tool which can obtain momentum-selective electronic 
structure with better momentum resolution than ERS. ARPES can observe not only superconducting gap distribution 
along the Fermi surface (FS) but also scattering rate information. Since ERS and ARPES obtain momentum-selective 
electronic structure, they should give us complementary information. There is one report in which ERS spectra were 
calculated from ARPES data [3]. In the paper, ARPES data were only used to derive band structure parameters and the 
momentum independent scattering rate. Here in this study, we calculate B1g and B2g ERS spectra in the 
superconducting state of nearly optimally doped cuprate superconductor Bi2212, Tc=92K, using the experimentally 
obtained ARPES spectra (including the superconducting gap and the momentum dependent scattering rate) and 
quantitatively compare the calculated ERS and the experimental data to examine whether or not we can reproduce 
Raman spectra from ARPES spectra. 
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2. Method 
 
ARPES intensity is a function of matrix elements and spectral function A(k . If the matrix elements do not have 
strong momentum dependence, the spectral function can be obtained directly from ARPES spectra. Raman response  
)('',  eptibility [4,5] 
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where (k) and (k) are Raman vertices, (k) is the superconducting energy gap, (k) is the bare band energy, V is the 
volume and f he spectral function through 
)()( ,A,G '' kk , Raman response can be calculated by ARPES spectra. Raman verticies for B1g and B2g for d-
wave symmetry in a teragonal structure with lattice constant a and electron mass m are 
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where t is the nearest neighbor hopping integral and  is the next nearest neighbor hopping integral. A tight binding 
model was applied for the band structure 
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with t=0.25 eV and t /t=0.40 [3]. The value of =-0.345 eV was detemined by fitting FS of ARPES data. 
 
3. Experimental 
 
ARPES data of nearly optimally doped Bi2212 (Tc=92K) at 10K used in this study were published in ref. 6. ERS 
measurments were performed in B1g and B2g geometries on the samples in the same batch at 10K, with a triple grating 
T64000 spectrometer and an Ar laser line (514.527 nm). The laser power was kept ~5 mW to avoid overheating. The 
B1g geometry is obtained when crossed polarizations for incident and scatterd light are 45° from the Cu-O bond 
directions while B2g polarizations are along them. In these geometries the antinodal and the nodal regions 
corresponding to the principal axes and the diagonal of the Brillouin zone are probed, respectively. All the Raman 
spectra have been corrected for the instrumental spectral response and the Bose factor. 
 
4. Results and discussion 
 
Figure 1 shows the FS and the gap profile along the FS of nearly optimally doped Bi2212 (Tc=92K) determined 
from ARPES data. The superconducting gap shows a linear relation against dx2-y2 functional form |cos(kxa)  
cos(kya)|/2, indicating a simple d-wave symmetry of the gap for the whole FS in this doping. Figure 2 compares B1g 
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Fig. 1. (a) Fermi surface; (b) gap profile along 
Fermi surface determined from ARPES data. 
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and B2g spectra calculated by kinetic theory and Kubo formula, using the gap profile in Fig. 1(b). Since Kubo formula 
calculation is using ARPES spectra, which involve the scattering rate information, one can see the effect of the 
scattering rate in Fig. 2. The existence of scattering rate leads to B1g spectrum broader and lowers the peak position, 
while the intensity in the higher energy region is enhanced in B2g spectrum. This enhancement of the spectral weight 
in B2g spectrum tends to shift the peak position toward higher energy if scattering rate is large as expected by the 
previous report [7]. The shift of the B1g peak position, on the other hand, was not expected by the previous report. This 
behaviour implies that the momentum dependence of scattering rate, which is not taken into account in the previous 
reports, may cause this shift. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B1g and B2g calculated spectra using Kubo formula are compared with the experimental data in figure 3. In B1g 
spectra, there is in good agreement in both the peak position and the spectral shape in whole range, as well as -cubic 
behavior at the low energy region. The consistency between calculated and experimental B1g peak positions could be 
understood because the peak position in B1g Raman spectrum is twice of that in ARPES spectrum in the antinodal 
region. The calculated B1g spectrum is a little bit broader than the experimental spectrum. This may come from the 
background in ARPES spectra. In B2g spectra, -linear behavior in the low energy region is obtained while the peak 
position shows significant difference (~100 cm-1). This result indicates that the real scattering rate is not large enough 
to explain the experimental B2g peak position. Here, it should be noted that the quasiparticle renormalization, which 
was introduced to qualitatively explain the doping dependence of the B2g spectra [2], cannot explain this difference 
because it always lowers calculated B2g peak position by decreasing the higher energy spectral weight from the larger 
gap region. One possible explanation of this difference is the contribution of the electronic structure from the whole 
BZ in the momentum space. In our calculation, we only used the electronic structure on the FS where the gap size is 
smallest and ignored the electronic structure in the other region of BZ. If the electronic structures in the whole BZ are 
taken into account, B2g peak position is expected to shift to the higher energy because the Fermi velocity is large in the 
nodal region [6] and the electronic structures around FS where spectral functions have larger gaps should give the 
Fig. 2. B1g and B2g calculated spectra by using 
Kubo formula and kinetic theory. 
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Fig. 3. B1g and B2g experimental ERS spectra and calculated ones using Kubo 
formula, using the ARPES data along FS for Bi2212 (Tc=92K) at T=10K. 
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higher energy spectral weight. In the case of B1g spectrum, peak position may not shift so much, compared to B2g 
spectrum because the band structure around the antinodal region is flat [6]. Further calculation including the electronic 
structure in the whole BZ is necessary to clarify whether ERS spectra especially B2g can be reproduced from ARPES 
spectra. 
 
5. Conclusion 
 
We calculated ERS B1g and B2g spectra for nearly optimally doped cuprate superconductor Bi2212 (Tc=92K) in the 
superconducting state from ARPES spectra using Kubo susceptibility. Calculated spectra which involve the scattering 
rate information were quantitatively compared to the experimental spectra. There is a good agreement in the B1g 
spectrum while the energy gap in the calculated B2g spectrum was lower than the experimental data. This result 
indicates that the scattering rate itself is not enough to reproduce the B2g spectra and therefore an additional 
contribution to the ERS spectrum should be taken into account. Calculation including the electronic structure in the 
whole BZ may solve the problem.  
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